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FOREWORD 

This Rover Training and Dam Inspection activity was implemented by SeaTrepid under subcontract with 

International Resources Group (IRG), the main contractor under the Litani River Basin Management Support 

(LRBMS) Program, a USAID-funded program in Lebanon (Contract EPP-I-00-04-00024-00 Task Order No.7) 

under the Integrated Water and Coastal Resources Management Indefinite Quantity Contract (IQC) II. 
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EXECUTIVE SUMMARY 

The Litani River Basin Management Support (LRBMS) Program is a technical assistance program funded by the 

United States Agency for International Development (USAID) and implemented by International Resources 

Group (IRG). LRBMS supports the Litani River Authority to improve the management of water resources in the 

Litani River Basin. 

LRBMS sponsored in April 2010 an underwater inspection of  Qaraoun Dam to locate leaks in the upstream 

facing that could jeopardize the dam’s stability. Several leaks were indentified and consequently repaired by LRA 

staff  with LRBMS assistance. In order to ensure the sustainability of  the monitoring of  the dam, LRBMS 

provided LRA with a remotely operated vehicle (ROV or rover) to routinelty conduct such underwater inspections. 

In April 2012, LRA employees were trained in the usage of  the Outland 1000 Remotely Operated Vehicle (ROV), 

and assisted in the completion of  an inspection of the Qaraoun Dam in Lebanon. The training and inspection was 

completed by SeaTrepid International LLC. 

A SeaTrepid employee, Alex Kaplan, trained LRBMS employees in two parts.  Training was first done in a 

classroom setting, where employees learned of the components, setup and basic operation of the Outland ROV.  

The second part consisted of hands on training of ROV operation in the water, and actual inspection of the dam.  

Employees became familiar with many aspects of ROV operation: setup, configuration, care and maintenance, 

tether management, and repair. 

An inspection was also performed for the purpose of identifying leaks between the joints on the upstream face of 

the dam.  The condition of the joints were recorded on a diagram of the dam face.  Additionally, video of the 

entire inspection was recorded for future reference. No leaks were found during this inspection, even in areas 

were leaks had been previously detected during the previous inspection in April 2010. This confirms that the 

repairs carried out end of 2010 by LRA have been very successful while no new leaks have developed since. 

The LRA is now capable to conduct its own underwater inspections, and is encouraged to do so on a periodic 

basis for LRA staff to remain familiar with the process and for the dam to be regularly monitored. 
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1. METHODOLOGY 
 

1.1. ADVANTAGES OF ROV INSPECTION 

Remotely Operated Vehicles are only one option for dam inspection. Divers are commonly used for dam 

inspections and offer a few advantages.  However, ROVs have become a preferred option for many dams. 

 Cost: ROVs offer an excellent long-term cost savings.  ROV inspections often take less time to deploy 

and perform the inspection, and have lower long-term equipment costs. 

 Availability: If a company owns their own ROV, and trains their employees to operate it (as is the case for 

LRBMS), the ROV can be deployed for inspection at any time, without planning ahead for divers or an 

ROV service company to visit the dam.  This is especially useful for companies who wish to implement a 

regular inspection schedule. 

 Conditions: 

◦ Visibility can be very low near the surface (sometimes less than 10 centimeters), which would force 

the diver to move slowly, and may make it impossible for them to see the joint at all.  The ROV is 

able to follow the joint at very close range while still moving at a steady pace. 

◦ ROVs can operate in a very wide range of temperatures without additional equipment.  Divers often 

will not work at very cold temperatures and other weather conditions, or may require additional 

equipment.  

 Safety: One of the most important advantages of ROVs is safety.  In the case of the Qaraoun Lake Dam, 

there are several safety concerns. 

◦ Debris and protrusions on the dam are a risk to both ROVs and divers, but damage to the ROV is 

much less serious, and ROV repairs can be performed at comparably minimal cost. 

◦ Leaks also pose a very large hazard to divers.  During the 2010 inspection, the ROV tether was sucked 

into one of the leaking joints and became stuck.  It took hours for LRBMS employees to free the 

ROV tether from the leak.  This hazard can cause damage to the ROV, but could cause injury or 

death to a diver. 

◦ The poor visibility near the surface only adds to the risk of the hazards above. 
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1.2. INSPECTION PROCESS USED 

The primary inspection was visual.  The ROV was placed at the top of a vertical joint, and visually inspected the 

joint to the bottom.  The ROV would then be brought to the surface and moved to the next vertical joint.  After 

several vertical joints were inspected, the ROV would visually inspect the horizontal joints spanning the vertical 

joints. 

Leak detection was done by watching the movement of the horse hair attached to the ROV and the movement of 

particles in the water.  This was done several times per joint, and whenever the joint showed significant change in 

size or condition, or where there appeared to be a hole or gap where a leak might be present. 

After each joint, or series of joints, the date, time, and condition of that joint was marked on a diagram of the dam 

face.  Areas that could not be inspected were also labeled.  The diagram is intended as the primary recording of 

inspection data, and the only accurate reference.  Wireless headsets were obtained on the second day of 

inspection, and some of the video contains the audio of the operators and the tether tender during the operation.  

If needed, this audio could be used to verify the data recorded on the diagram. 

 

1.3. DAILY ACTIVITY SUMMARY 

2012-04-19 

 Training was done indoors.  LRBMS employees were trained on the assembly, configuration, and basic 

operation of the Outland ROV. 

2012-04-20 

 Training was done in the water.  LRBMS employees deployed the ROV and began practicing usage of the 

ROV in the water.  LRBMS employees also received hands on training for the cleaning and maintenance of the 

ROV.  Inspection of the dam was started, and inspection to the west 17 vertical (from the west bank) was 

completed. 

2012-04-21 

 Inspection from the west 17 vertical to the contefort. 

2012-04-22 

 Inspection from the contrefort to the east 05 vertical. 
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2012-04-23 

 Inspection from the east 05 vertical to the east 20 vertical. 

2012-04-24 

 Inspection from the east 20 vertical to the east bank.  Inspection of the dam face has been completed. 

2012-04-25 

 Inspection of sensors connected to the ladder on the spillway.  Video was recorded of the condition of 

the sensors and their location.  The ROV was then moved to the west of the contrefort, where LRBMS 

employees continued practicing piloting the ROV. 

 

2. RESULTS 

2.1. INSPECTION RESULTS 

The majority of all joints on the upstream dam face were visually inspected.  LRBMS employees observed the 

inspection and noted no noticeable damage or features of concern. Leak detection was also performed regularly, 

and at no location was there a noticeable flow of water into the joints. Special attention was given to areas which 

previously had leaks.  Again, no flow of water into the previously leaking areas was observed. This shows that the 

repairs carried out end of 2010 by LRA after the previous rover inspection were very effective. 

Note: In several areas, debris hindered the accessibility of the joints to the ROV.  In these cases, discretion was used, and the safety 

of the ROV was considered a priority.  Because of this, some areas were not fully inspected. 

 

2.2. LESSONS LEARNED AND IMPORTANT NOTES 

In the time-frame given (about 5 days), detection of small leaks is very difficult.  In order to detect small leaks, the 

ROV would need to stop more often and watch the silt (or dye from a dye pump) for movement into the joints.  

To be effective, this may need to be done every few meters.  An inspection of this type would likely take 10 or 

more days (depending on the distance between leak checks). 
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A dye pump is an attachment to the ROV which puts dye (ink) of a very visible color into the water.  This allows 

the flow of the water to be more easily observed.  In the presence of a leak, the dye would flow into the joint or 

crack in the dam where the water is leaking.  For this inspection, we did not have a dye pump available.  Instead, 

we watched the particles (silt) in the water for movement.  When there were not many particles, we would use the 

ROV to kick up silt from the dam.  This serves a similar purpose as the dye, but takes longer and is not as good at 

detecting extremely small leaks.  If a detailed inspection is performed in the future to detect small leaks, a dye 

pump would be useful to reduce the time of the inspection, and improve the sensitivity of detection. 

Leaks below the sediment at the base of the dam are possible.  Leaks of this type could be detected by looking for 

sink-holes in the sediment, and then inspecting the sink-holes for leakage (flow into the hole).  On this inspection, 

only the first 1-2 meters of sediment at the bottom of each vertical were viewed.  To properly detect leaks below 

the sediment, a more detailed inspection of the sediment at the base of the dam would be needed. 

 

3. RECOMMENDATIONS 

Regular inspections should be scheduled.  For a detailed inspection, a schedule could be made to spread the 

inspection out over the year.  For example, inspecting 8 verticals per month would take 1-2 days each month, but 

allow a full inspection over the course of a year.  Since the water level is very low at certain times of the year, this 

schedule may need to be adjusted to fit within the period of highest water levels (for example, 2-4 days per month 

for 6 months a year).  In addition to guaranteeing that ROV inspections are done regularly, this schedule would 

also serve the purpose of keeping the LRBMS employees practiced on the use of the ROV. 

There is a lot of debris on the dam face.  This includes metal protrusions at multiple levels, wooden planks placed 

across some of these protrusions, and trash laying across the protrusions and planks.  These make certain areas 

difficult to inspect, and increase the risk of damage to the ROV.  If these protrusions are not needed, removing 

them would help with future ROV inspections.  If the protrusions are necessary (for use during repairs, etc), an 

attempt to clean away debris should be made, and the wooden planks should be removed.  In the future, all planks 

and other materials used for repairs should be removed before the water level rises again. 

If the ROV tether gets wrapped around an object underwater, a camera facing towards the rear can make it easier 

to find where the tether is tangled.  This accessory can be obtained from Outland if desired. 
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4. ANNEXES 

4.1. INSPECTION LOGS 
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4.2. PICTURES 
 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

Rover Shipment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Initial Training 

 



ROVER TRAINING AND DAM INSPECTION   8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rover Setup 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rover deployment 
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Rover deployment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Control Setup 
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Rover operation with LRA General Director 
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On-Hands Training 
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Rover retrieval 
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4.3. CHECK LIST FOR OPERATION & MAINTENANCE OF 

ROVER
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4.4. DAILY LOGS 
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